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Terrestrial invertebrates subsidize fish diets in lotic ecosystems. Seasonality strongly 
influences terrestrial invertebrate abundance in temperate regions and alters their delivery 
to streams. Seasonal changes in the tropics are characterized by distinct wet and dry 
periods, with marked variation in invertebrate abundance. However, little is known about 
how these seasonal changes affect invertebrate subsidies and their ecological 
consequences for tropical streams. We measured the effect of rainfall and canopy density 
on terrestrial invertebrate falling input, as well as seasonal variation in falling input, 
benthic and drifting invertebrate, and Rivulus hartii (Hart’s Rivulus) diet composition 
during both the wet and dry seasons at three stream sites in Trinidad. Rates of input of 
terrestrial invertebrates showed seasonal trends in biomass and abundance. Rainfall 
magnitude and canopy density were directly correlated with falling input. The delivery of 
terrestrial invertebrates increased from an average of 52 mg m
-2
 day 
-1
 to 72 mg m
-2
 day 
-1 
from wet to dry season. Conversely, average benthic invertebrate abundance and biomass 
decreased from 382 mg m
-2
 in the dry season to 130 mg m
-2
 in the wet season, 
presumably due to displacement and mortality resulting from severe flow conditions. A 
75% increase in drifting invertebrate biomass was driven by a terrestrial invertebrate 
               
biomass that more than doubled during the wet season. Prey selectivity in Rivulus diets 
mirrored this seasonal variation in prey invertebrate availability, as percent composition 
of terrestrial invertebrate volume in Rivulus guts also doubled during the wet season. We 
conclude that terrestrial invertebrates are a substantial energetic subsidy for tropical river 
ecosystems, and the spatial and temporal variation in delivering these resources from wet 
to dry season have profound effects on consumer-resource dynamics. 
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INTRODUCTION 
The movement of energy and nutrients across ecosystem boundaries can have profound 
effects on the productivity of consumers in recipient ecosystems (Polis et al. 1996, Polis, 
Anderson and Holt 1997). Specifically, areas of low primary productivity can be 
energetically subsidized by more productive donor habitats (Polis et al. 1997). The spatial 
and temporal variation in the delivery of these resources alters consumer-resource 
dynamics and influences the energy budget and distribution of animal populations in the 
recipient ecosystem (Greenstone, 1983; Gray, 1993; Polis & Hurd, 1995, Polis et al. 1997, 
Rose and Polis 1998). For example, a disproportionally high density of spiders on the 
Channel Islands in Baja California was facilitated primarily by marine derived nutrients 
and energy, rather than in situ productivity of land plants (Polis and Hurd 1995). 
 
Subsidies delivered from riparian zones can supply a large percentage of organic energy 
to stream food webs (Fisher and Likens, 1973). In forested headwater streams, riparian 
cover often reduces light to limiting levels, resulting in low gross primary productivity 
and a trophic structure dependent upon subsidies from the riparian zone (Vannote et al. 
1980). Ecologists have long known the importance of terrestrially-derived inputs like 
woody debris, dissolved organic matter and leaf litter to stream food webs and habitat 
(Hynes 1975, Wallace et al. 1997). For example, when leaf litter input to a forest stream 
was excluded, aquatic invertebrate abundance was reduced (Wallace et al. 1997).  More 
recently, the energetic value of terrestrial invertebrates to stream food webs has been 
recognized (Hunt 1975, Mason and MacDonald 1982, Garman 1991, Cloe and Garman 
1996, Edwards and Huryn 1996, Wipfli 1997, Kawaguchi and Nakano 2001).  
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Terrestrial invertebrate input to temperate streams is highly variable in time (Hunt 1975), 
peaking in the summer and approaching zero in the winter (Kawaguchi and Nakano 
2001). In Japan, Kawaguchi and Nakano (2001) observed summer peaks in terrestrial 
invertebrate input that coincided with a reduction in in situ prey biomass (aquatic 
invertebrates), and fish feeding behavior and diet mirrored the observed changes, with 
50-90% of fish diets comprised of terrestrial invertebrates during summer and 0% during 
the winter (Kawaguchi & Nakano, 2001).  As a high quality food resource for stream 
fishes, terrestrial invertebrates are often preferred food resources in forested headwater 
streams (Hunt 1975, Garman 1991, Nakano et al. 1999a, 1999b, 1999c). When terrestrial 
invertebrate input to a Japanese stream was reduced using a greenhouse cover, fish 
biomass declined, suggesting that the distribution of fish was directly influenced by 
terrestrial inputs (Nakano et al. 1999). In addition, reduced terrestrial subsidies can result 
in trophic cascades, forcing fish to shift focus from terrestrial to local aquatic prey, which 
decreases aquatic insect emergence and has detrimental effects on riparian predators, 
such as spiders (Baxter et al. 2004). Thus, seasonal variation in terrestrial invertebrate 
subsidies to streams can be an important driver of ecosystem processes in temperate 
regions. 
  
Tropical streams are understudied compared to their temperate counterparts with respect 
to terrestrial invertebrate subsidies (Wantzen 2006). Tropical ecosystems are driven by 
the uneven temporal distribution of rainfall rather than temperature change, resulting in 
distinct life-history patterns for many tropical organisms (Flecker and Fairfeck 1994). For 
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example, terrestrial insects reach peaks in abundance and diversity during the wet season 
(Wolda 1980). Conversely, the dry season is characterized by a peak in leaf fall (Wright 
and Cornejo 1990), but lower numbers of individuals and species of terrestrial insects 
(Erwin and Scott 1980, Smythe 1982, Broadhead 1983, Kato et al. 1995, Novotny and 
Basset 1998). Flooding and associated scouring is characteristic of tropical streams in the 
wet season, resulting in reduced abundance of benthic invertebrates in stream channels, 
and dramatically altering the spatial distribution of these populations (Pringle et al. 1988, 
Resh et al. 1988, Boulton et al. 1992, Palmer et al. 1996). Because primary productivity 
is often too low to support in situ fish production in many tropical streams (Allen 1951, 
Goulding 1980, Polis 1997), further reductions of aquatic insects by wet season scouring 
highlight the potential value of food resources of terrestrial origin, like seeds, spiders, and 
other invertebrates that drop in to streams. As wind and water are the primary physical 
vectors through which subsidies are transported from riparian zones to streams 
(DeAngelis, 1992), corresponding peaks in rain and insect abundance may interact to 
accelerate delivery of terrestrial resources to aquatic systems precisely when benthic 
production is lowest.  
 
The influence of riparian vegetation on the abundance and taxonomic composition of 
invertebrates entering a stream (Mason and MacDonald 1982, Garman 1991, Cloe and 
Garman 1996, Wipfli 1997, Kawaguchi and Nakano 2001), and the rates of their delivery 
(Cadawallader et al. 1980; Mason and MacDonald 1982) are well recognized. However, 
the impact of canopy density is less understood. Terrestrial invertebrate delivery to 
streams is likely to vary with canopy density because the forest canopy is three 
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dimensional, and houses a variety of invertebrate taxa that are vertically stratified (Bates 
1944, Wilson 1959, Sutton et al. 1983; Longino and Nadkarni, 1990). To date, little 
research linking terrestrial and aquatic food webs in tropical settings has been conducted, 
and the ecological impacts of terrestrial invertebrate subsidies to these streams remains 
understudied. The objective of this study was to quantitatively compare the abundance 
and composition of terrestrial invertebrates falling into tropical streams in the wet and dry 
season, and assess the effect of canopy density and precipitation on subsidy delivery rates. 
I also analyzed the diets of Rivulus hartii (Hart’s Rivulus), a generalist-feeding fish 
common in the headwaters of neo-tropical streams, for seasonal changes in the 
contribution of terrestrial invertebrates to their diets. 
 
Specifically, research tasks were designed to answer the following questions: 
 
Q1. How do terrestrial invertebrate fall-in rates vary with season, canopy cover and 
precipitation? Corresponding hypotheses: 
H1a. Invertebrate fall-in rates are higher in the wet season. 
 H1b. Invertebrate fall-in increases with canopy cover. 
 H1c. Invertebrate fall-in increases with precipitation rate. 
 
Q2. What is the relative contribution of terrestrial invertebrates to stream drift, and how 
does it vary seasonally? Corresponding hypotheses: 
H2a. The largest proportion of invertebrates in the drift is terrestrially derived. 
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 H2b. Higher fall-in rates, combined with reduced benthic invertebrate abundance, 
increases the relative contribution of terrestrial invertebrates to the drift.  
Q3. Does the contribution of terrestrial insects in Rivulus guts track the changes observed 
in questions 1 and 2? 
 
These questions were examined by sampling terrestrial invertebrates falling into streams, 
drifting invertebrates and benthic invertebrates, and collecting adult Rivulus during the 
wet and dry season. Terrestrial invertebrate fall-in rates were expected to be highest 
during the wet season, and to increase with canopy cover and precipitation rate. Aquatic 
invertebrate density and abundance, both on the stream bed and in the drift, were 
expected to decrease during the wet season. Increased fall-in rates, combined with 
reduced benthic invertebrate abundance, are expected to increase the importance and 
relative contribution of terrestrial invertebrates to the drift and diets of Rivulus hartii 
during the wet season. 
 
 
METHODS 
Study area: 
The study was conducted in three second order streams from March 2009 to August 2009 
in the Northern Range of Trinidad: The Tapana (10°44'38”N 61°13'28”W), Miguel 
(10°44'43”N 61°13'11”W), and Taylor (10°42'28”N 61°16'25”W) (Figure 1). The Tapana 
and Miguel both drain into the Madamas River on the north side of the Northern Range, 
whereas the Taylor drains into the Guanapo on the south side of the Northern Range. 
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Tropical forests of the Northern Range are naturally dominated by an over-story 
comprised of Crappo (Carapa guianensis), Hogplum (Spondias mombin), and Wild 
Chataigne (Pachira insignis) (Beard 1946, Fitzjames personal communication). Trees at 
all sites typically bloom during June and shed their leaves in April, coinciding with the 
seasonal precipitation regime. All sites exhibit a uni-modal rainfall pattern, with elevated 
precipitation from June to December and less rainfall from January to May (Figure 2). 
 
The Tapana River is located on the north slope of Trinidad’s Northern Range and is 
characterized by old growth forest with a high canopy structure. The canopy at this site 
was dominated by Wild Cocoa (Licania biglandulosa), Wild Chatainge, Quasar Palm 
(Desmoncus major), Heliconia (Heliconia bihai), Hogplum, and Mountain Rose 
(Brownea latifolia) (Table 1). The Miguel River is also located on the north slope, but 
had been surrounded by plantations as recently as the 1950’s.  This site is characterized 
by secondary growth, including Heliconia, Wild Tobacco (Acnistus arborescens), 
Immortelle (Erythrina paeppigiana) and Banana (Musa sp.).  The Taylor River is located 
on the south slope of the Northern Range and is also dominated by secondary growth, 
including: Cocoa (Theabroma cocao), Immortelle, Ficus (Ficus sp.), Cicropia (Cecropia 
peltata), Heliconia, Kapok (Ceiba pentandra), and ferns. The canopy of the Taylor River 
was reduced in July 2008, resulting in a 300 m reach of stream with a very open canopy.  
Terrestrial invertebrate subsidies to the Taylor River were assessed in the thinned reach 
and in densely canopied, uncut reach.  
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Invertebrate sampling 
Terrestrial Invertebrate Input: 
A 150 m reach was randomly established on each stream. Pan traps were deployed in 
spring (dry) and summer (wet) during the study period to examine seasonal fluctuations 
in the input of terrestrial invertebrates into the stream (hereafter, 'falling input').  Ten to 
twelve pan traps were hung approximately 10 m apart along the length of the study reach 
in each stream.  Daily inputs of terrestrial invertebrates were estimated from samples 
collected from the pan traps for three weeks each season. All pan traps were white, 
rectangular, and had an area of 70.6 cm
2
.  Traps were hung with lines attached to each 
corner of the pan and extending to four trees in the riparian zone.  All collection pans 
were suspended ~ 0.5 m above the stream.  In Taylor creek, six pans were placed in the 
open canopy reach, but these were set on large rocks sitting high out of the stream to 
accomodate other ongoing research activities. Pan traps were filled with 2.5 – 5 cm of 
water and two to three drops of a phosphorus-free soap (Liqui-nox, SPI Supplies, West 
Chester, PA). While the surfactant used in the pan traps may have the potential to attract 
insects, (Southwood 1966, Edwards and Huryn 1995), this method has been widely used 
to quantify the terrestrial invertebrate input into streams (Mason and MacDonald 1982, 
Cloe and Garman 1996, Wipfli 1997, Nakano et al. 1999b, Nakano et al. 1999c, 
Kawaguchi and Nakano 2001). Due to their design and location, these traps only measure 
terrestrial invertebrates entering from above and do not capture invertebrate subsidies 
delivered laterally across the stream bank. Pan contents were sieved (250 μm) or picked 
with forceps every day and preserved in 70% ethanol solution until analyzed.  
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Benthic Invertebrate Sampling: 
Density and composition of benthic invertebrates in the stream bed were measured to 
assess changes in basal aquatic invertebrate food resources for fish between the wet and 
dry seasons. A mini-Hess sampler (area = 0.032 m
2
) was used to collect benthic 
invertebrates from the stream bed three days prior to Rivulus collection. Samples were 
collected using a random-stratified approach in which each stream reach was divided into 
pool and riffle habitats, with four samples collected randomly from each habitat type.  
Benthic samples were immediately preserved in 70% ethanol solution, and Rose Bengal 
dye was added to aid in sorting invertebrate from the benthic detritus.  Benthic 
invertebrates were not sampled from the Taylor River due to constraints from other 
research. 
 
Drift collections: 
Seasonal changes in the composition and density of invertebrates in the drift were 
measured at all sites. Drifting invertebrates were collected from 18:00-21:00 to capture 
peak drifting rates (Tanaka 1960, Waters 1962, Elliot 1969, Flecker and Fairfeck 1994, 
Allen 1995).  Stream drift was collected using 250-μm mesh drift nets (45 × 25 cm, 0.1 
m
2
 opening, 1 m net length; Aquatic Research Instruments, USA) that extended above the 
water surface to ensure that floating terrestrial invertebrates were captured. Drifting 
invertebrates were collected twice during the wet and dry seasons at the Tapana and 
Miguel River sites.  During the collection period, one net was placed at the bottom of 
each reach and was switched out each hour and emptied. At the Taylor, drift was 
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collected once at the end of the terrestrial invertebrate fall-in collection period, using nets 
at both the upstream and the downstream ends of each study reach, which were emptied 
only once at the end of the 3 h drift period.  Drift samples were preserved using 70% 
ethanol and Rose Bengal dye was added to aid in the sorting process.  The water volume 
sampled was estimated from depth and current velocity measurements taken at the left, 
center and right side of each net opening at mid-depth using a portable current meter 
(Marsh-McBirney, Inc. Flo-Mate Model 2000 Portable Flowmeter). Discharge was 
measured at the end of the study reach after each drift survey using the U.S. Geological 
Survey mid-section method (Orth 1983).  Flow and depth data were used to convert 
invertebrate weights and abundances to mg m
-3
.  
 
Precipitation data 
Daily rainfall was measured for its role in changing rates of terrestrial invertebrate 
biomass entering streams. A rain gauge (Tenite Metric, 3.56 cm × 10.2 cm) was mounted 
atop a post, 1 m above the ground, at the midpoint of each stream reach in a position with 
the most open canopy. The rain gauge was read concurrently with pan trap sampling and 
emptied. 
 
Canopy cover 
Canopy density above each pan trap was recorded using a convex densiometer to 
determine the effects of over-story vegetation on falling input (Lemmon 1956). The 
densiometer is a spherical, convex, gridded mirror, with 24 squares engraved on the 
surface. Each square is then mentally subdivided into four squares, resulting in 96 square 
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areas represented within the grid. Canopy density measurements are obtained by counting 
the number of subdivided squares with ‘open’ canopy, where more light than darkness 
created by leaf coverage was observed. Four readings were taken above each pan trap: 
once facing upstream, once downstream, and once facing left and right. Readings were 
averaged and multiplied by 1.04 to determine the open area, or area not occupied by 
canopy. That number is subtracted from 100 to yield the percent canopy density. Canopy 
density readings were taken four times over the course of the dry season, and three times 
over the course of the wet season. The trees that comprise the canopy over each pan were 
also identified to the lowest taxonomic level possible.  
 
Fish diet survey  
To estimate seasonal variation in prey consumption, Hart’s killifish (Rivulus hartii) were 
sampled from the Miguel and Tapana Rivers during both seasons on the final evening of 
falling terrestrial input collection (two days after final drift collection).  Rivulus are 
nocturnal feeders, and were caught after dark (21:00-23:00) by dip netting. Ten fish were 
taken from the bottom 50 m of the reach, 10 from the middle 50 m and 10 from the upper 
50 m. Only fish >40 mm in length were collected. Fish were put on ice immediately to 
kill them and stop digestion, then transferred to 10% formalin. Fish were not sampled 
from the Taylor River.  
 
The method for fish diet analysis was modified from Fraser et al. (1999). Fish length 
(from tip of snout to the tip of caudal fin) and wet weight were measured. Fish were then 
gutted, dried, and reweighed. Rivulus were sorted by sex, length, and weight, resulting in 
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15 groups (with each group consisting of one Miguel dry season, one Miguel wet season, 
one Tapana dry season, and one Tapana wet season with similar sex, length and weight) 
and were analyzed for gut composition. All materials were removed from the gut, and 
oocytes found in females were counted. Each prey item was identified to lowest 
taxonomical level and designated aquatic or terrestrial. Body length, width, and head 
width of each invertebrate was measured. Invertebrates with missing body parts were also 
measured, and any parts were identified, counted, and labeled aquatic, terrestrial, 
unknown or detritus. Insect widths and lengths were converted to cylinders using the 
formula (π*(W/2)2*L) to determine the volume represented by each invertebrate taxa.  
Body parts and detritus were uniformly layered 1 mm deep on a gridded dish and 
measured for length and width. The total volume of terrestrial or aquatic insects was 
determined by summing the volumes of all individuals and body parts. Invertebrates such 
as ants or chironomids have sclerotized head capsules or body parts which slowly 
decompose in fish guts.  Therefore, these groups may be disproportionately represented 
in these analyses.   
 
Sample analyses 
Pan trap, drift, and benthic invertebrate samples were sorted into the following groups 
and weighed: winged terrestrial insects, ants, non-winged terrestrials (i.e. larvae, spiders) 
and aquatic invertebrates using a binocular dissecting microscope. All adult insects were 
treated as terrestrial fall-in. Adult and larval terrestrial invertebrates, ants and adult 
aquatic insects were identified to Order (Borror and Delong 2005) and sorted into one of 
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three categories: winged terrestrial invertebrates, ants, and non-winged non-ants. Larval 
or immature aquatic invertebrates were identified to family (McCafferty 1998, Merritt et 
al. 2008). All larval or immature aquatic invertebrates were sorted into an aquatic 
category.  Once sorted, invertebrates were dried at 58°C and weighed by category to the 
nearest 0.001 mg. Weights and abundance units were converted to mg m
-2
 day
-1
. 
 
Statistical analyses  
We used a multivariate ANOVA to assess the effects of: 
1. Season, canopy density, and precipitation on falling input for each terrestrial 
invertebrate category;  
2. Stream, season and habitat type on each benthic invertebrate category;  
3. Stream and season on drifting invertebrates among both aquatic and terrestrial 
invertebrate categories; and 
4. Stream and season on terrestrial and aquatic invertebrate composition of Rivulus 
diets. 
The alpha value for significance was set at 0.05. In all tests, invertebrate categories were 
treated as the response variable. To determine if falling input was significantly different 
in wet and dry seasons, season was treated as a categorical variable, rainfall was treated 
as a continuous variable, and canopy density was treated as both continuous and 
categorical in different analyses. The effects of seasonality and pool/riffle habitat on 
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benthic invertebrate density were tested by treating stream, season and habitat as 
continuous variables. Variation in drifting invertebrates was tested by treating season, 
stream and habitat as categorical variables. Fish diets were analyzed for presence/absence 
of invertebrates (categorical), as well as for abundance and biomass (continuous). Season 
and stream were treated as categorical variables. 
 
RESULTS 
Environmental conditions/rain and temperature data 
The Tapana and Miguel Rivers had similar discharge (0.020 and 0.024 m
3
s
-1
, respectively) 
and width (2.5 and 2.4 m, respectively). Discharge and width at Taylor was 
approximately half that value. Water temperature varied between 21.7 and 25.3 ºC during 
the dry season and between 23.2 and 25.5 ºC in the wet season, although the Tapana 
reached 28.2 ºC on one occasion. The Taylor River (closed canopy) had the densest 
canopy (96.6%), followed closely by the Tapana (93.3%). The Miguel and Taylor (open 
canopy) were much less dense at 70.9 and 68.7%, respectively. 
 
Terrestrial Subsidies 
Total falling input rates for terrestrial invertebrates rose from 51.82 ± 6.01 mg day
-1
 
during the dry season to 72.22 ± 6.96 mg day
-1
 (Figure 3, Table 2) in the wet season, but 
the rates were not significantly different(p = 0.73) (Table 3). However, seasonal variation 
in biomass and abundance was observed in discrete invertebrate categories (Figures 4 and 
5). For example, adult winged invertebrate abundance was lower during the wet season (p 
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< 0.01), and was particularly evident in Diptera (p < 0.01) Hemiptera (p < 0.01), 
Lepidoptera (p = 0.04) and Thysanoptera taxa (p < 0.01). Non-winged, non-ant 
invertebrates abundance was greater during the wet season (p < 0.01), driven by 
increased input of larvae (p = 0.02) and Colembola (p < 0.01). On average, ant biomass 
falling into streams in the wet season was almost three times that falling in the dry season, 
increasing from 22.00 ± 1.59 to 67.94 ± 8.66 mg m
-2 
day
-1
 (p = 0.08).  However, these 
results were highly influenced by a single data point and the results were not significant.  
If the data were log transformed, this seasonal difference in ant biomass becomes highly 
significant (p<0.01). 
  
Total input of terrestrial invertebrate biomass did not vary significantly with canopy 
density in either season (p = 0.06) (Figure 6). A similar result was observed in the 
abundance data during the dry season.  However, total abundance of terrestrial insect 
falling into these streams declined with canopy density in the wet season (p = 0.02).  In 
addition, few significant relationships emerged when the influence of canopy cover was 
assessed for abundances of specific taxonomic groups (Figure 9).  Arachnid input to 
streams was an exception and decreased with canopy cover (p = 0.01) (Figure 7). 
 
In contrast with the effect of canopy cover, the number of total terrestrial invertebrates 
delivered to streams increased with precipitation (p = 0.03) (Figures 8 and 9).  This 
relation was primarily driven by increases in rates of delivery of winged invertebrates, 
such as Trichoptera (p = 0.01), Hemiptera (p = 0.01), Thysanoptera (p = 0.03), 
Ephemeroptera (p = 0.01), which increased with precipitation (Figure 10, Appendix 4). 
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Similarly, the number of ants and Dipteran larvae falling into streams also increased with 
rain (p = 0.05 and 0.01, respectively). 
 
Several of the main effects described above interacted significantly.  For example, total 
terrestrial invertebrate biomass falling into streams increased more quickly with 
precipitation in closed canopy sites than in open canopy sites (p = 0.02) (Figure 11).  This 
interaction was particularly important for adult winged biomass (p = 0.01), adult winged 
abundance (p = 0.02), and Dipteran abundance (p = 0.01). 
 
Significant interactions between precipitation and season were not detected, except for 
Lepidoptera (p < 0.01) and Ephemeroptera (p < 0.01) which fell to the stream more 
rapidly with precipitation in the dry season. Canopy cover and season interacted to 
influence total invertebrate biomass falling into streams (p = 0.05), total invertebrate 
abundance (p = 0.02), non-winged non-ant invertebrates (p = 0.01), and Colembola (p < 
0.01).  In each case, falling input rates decreased more quickly with canopy density in the 
wet season than in the dry season.  
 
In the open canopy sites, total terrestrial invertebrate biomass falling into streams differed 
with precipitation from dry to wet season (p < 0.01), apparently driven by variation in 
winged adult biomass reaching the stream (p < 0.01) (Figure 12). Dry season falling input 
decreased with precipitation at open canopy sites, while open canopy falling input 
increased with precipitation during the wet season.  Closed canopy falling input increased 
with precipitation during both dry and wet seasons. 
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Benthic Invertebrates  
Benthic invertebrate biomass (p = 0.03) and abundance (p < 0.01) were reduced during 
the wet season (Table 4, Figure 13).  The effect of season was pronounced across 
taxonomic groups, including: Ephemeroptera (p = 0.01), Baetidae (p < 0.01), Trichoptera 
(p < 0.01), Hydropsychidae (p = 0.03), Hydroptilidae (p < 0.01), Coleoptera (p = 0.01), 
Elmidae (p = 0.04), Diptera (p < 0.01), Chironomidae (p = 0.01), Athericidae (p = 0.02) 
(Table 5, Figure 14).   In contrast, no significant variation in aquatic invertebrate biomass 
or abundance was observed between the Miguel and Tapana rivers.  However, compared 
to the Miguel River, the Tapana had a greater abundance of snails r (p = 0.01), 
Hydrachnidae (p = 0.02), Euthypleceidae (p = 0.02), Odonata (p = 0.02), Coenagrionidae 
(p < 0.01), Polycentropodidae (p = 0.01), Coleoptera (p = 0.02), Elmidae (p < 0.01), 
Ceratopogonidae (p < 0.01). 
 
Significant variation in the abundance of several benthic invertebrates was observed 
between pool and riffle habitats at both stream sites.  Compared to pool habitats, riffle 
habitats had a greater abundance of snails (p = 0.02), Odonata (p < 0.01), Coenagrionidae 
(p < 0.01), Trichoptera (p < 0.01), Hydropsychidae (p = 0.01), Philoptomidae (p = 0.05), 
Hydroptilidae (p = 0.03), Psephenidae (p = 0.02).  Conversely, Caenidae (p = 0.02), 
Diptera (p < 0.01), Ceratopogonidae (p < 0.01), Chironomidae (p = 0.01), and 
Athericidae (p = 0.06) abundances were significantly greater in pools than in riffle 
habitats. 
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Habitat and site interacted to influence the abundance of some, but not all, taxa.  For 
example, Cordulidae (p = 0.05) in riffles differed between the two rivers but had similar 
densities in pool habitats.  Ceratopogonidae (p = 0.03) were more abundant at the Tapana 
River, and that difference was exaggerated in riffle environments. Habitat and season also 
interacted, resulting in greater benthic invertebrate biomass in riffles during the dry 
season (p = 0.03), with little seasonal change observed in pools between seasons.  This 
effect was pronounced in taxa such as Tricorythidae (p = 0.02), Polycentropodidae (p = 
0.02), Hydropsychidae (p = 0.02), Chironomidae (p = 0.05), and Athericidae (p = 0.01).   
 
Habitat, site, and season often interacted to influence the distribution and abundance of 
rare taxa.  For example, Megaloptera (p = 0.05) were only collected in the Miguel River 
during the dry season.  Similarly, Polycentropodidae (p = 0.02) were limited to the 
Tapana River in the wet season and occurred in higher numbers in riffles.   
 
 
Drifting Invertebrates 
Total biomass and abundance of drifting invertebrates did not change significantly with 
season, nor did the biomass of aquatic taxa and their absolute and relative abundance in 
the drift (Table 6).  However, terrestrial invertebrate biomass and percent composition in 
the drift changed significantly with season (Table 7), with greater biomass and individual 
abundances occurring in the wet season (Figure 15).  This effect manifested itself in both 
biomass (ant, p = 0.03; percent ant biomass, p < 0.01; terrestrial biomass, p = 0.01; 
winged terrestrial biomass, p = 0.02), and abundance (percent terrestrial, p = 0.04, 
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percent ant p = 0.01, total terrestrial abundance p = 0.04; ant abundance, p = 0.03, and 
winged terrestrial abundance, p = 0.05;, and terrestrial invertebrate larvae, p = 0.04) 
(Figures 16 and17).   
 
Total drifting invertebrate biomass and abundance did not significantly vary between 
streams (Figure 15). However, percent ant biomass (p < 0.01), total terrestrial biomass (p 
= 0.01), total ant biomass (p = 0.02), and winged terrestrial biomass (p = 0.03) were all 
greater in the Miguel River than in the Tapana River. Terrestrial larval and ant abundance 
were greater in the drift at the Miguel River than the Tapana and Taylor Rivers (p=0.04 
and 0.03, respectively), driving increases in percent ant (p = 0.03) and percent terrestrial 
(p = 0.04) composition (Figure 17). Taylor Creek always had significantly reduced 
biomass and abundance in all invertebrate categories in the drift compared to the other 
two sites (Table 8).  
 
Site and season interacted to influence percent ant biomass (p = 0.02).   Percent ant 
biomass increased between the dry and wet season in both the Tapana and Miguel Rivers, 
while remaining constant in Taylor Creek. 
 
Rivulus gut analysis 
The occurrence of aquatic invertebrates changed drastically from the dry season to the 
wet season (Table 9). Aquatic invertebrates (p < 0.01) were observed in 78% of Rivulus 
guts in the dry season and in only 22% in the wet season.  The average number of aquatic 
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individuals in Rivulus guts also decreased from dry to wet season (p = 0.01), while the 
number of terrestrial invertebrates and ants did not change (Table 10).   
 
Similarly, the composition of terrestrial and aquatic invertebrates found in Rivulus guts 
differed between wet and dry seasons (Figure 18). Terrestrial invertebrates comprised 
62% of all invertebrates in the gut during the dry season and 91% in the wet season (p < 
0.01). Conversely, aquatic representation in the gut decreased from 38 to 9% between the 
seasons (p < 0.01). The relative abundance of ants in the gut did not change across season.  
 
The composition by volume of invertebrates quantified within Rivulus guts did not vary 
significantly from the wet to the dry season.  However, like biomass and abundance, the 
composition of invertebrates contributing to that volume changed (Figure 19). The 
volume of gut occupied by aquatic insects decreased by 93% (11.5 to 0.8 mm
2
, p = 0.01) 
from the dry to the wet season, while the volume of ants increased nearly four-fold (2.7 to 
10.6 mm
2
, p = 0.05). The volume of detritus in Rivulus guts between season decreased by 
~30% (111.1 to 76.7 mm
2
) but this change was not significant 
 
The abundance of individuals found in Rivulus guts varied with season but the pattern of 
variation differed between streams (p = 0.01). The total number of individuals found in 
Rivulus guts increased in fish collected in the Miguel River from dry to wet season (p=??), 
but the inverse was observed in the Tapana River. Rivulus gut composition varied 
between the Tapana and Miguel Rivers with a larger number of ants found in Rivulus 
guts from the Miguel River (p = 0.02) (Table 11).  The number of terrestrial invertebrates 
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(p = 0.02) and ants (p = 0.05) found in Rivulus guts of Miguel River fish were greater in 
the wet season than in the dry season, a pattern absent in fish from the Tapana River. 
 
Terrestrial biomass comprising the drift increased from 0.07 ± .02 mg m
-3
 in the dry 
season to 0.16 ± .05 mg m
-3
 in the wet (Table 8), and the percent volume of terrestrial 
invertebrates in Rivulus guts increased from 19 ± 4 to 42 ± 6% (Table 13), a change 
similar in magnitude to that observed in the drift. Little seasonal variation was observed 
in benthic invertebrate abundance in the drift. However, when benthic invertebrate 
biomass fell significantly from 382.22 ± 133.86 to 129.65 ± 40.02 mg m
-2
 from the wet to 
the dry season (Table 5), the contribution of aquatic invertebrates in fish guts (as total 
volume) fell dramatically from 11.48 ± 4.16 to 0.76 ± 0.58 mm
2
.  Total volume of 
invertebrates in Rivulus guts however, decreased during the wet season (180.77 ± 38.7 to 
112.16 ± 23.35 mm
2
) while the total biomass of invertebrates in the drift increased (0.20 
± .06 to .35 ± .10  mg m
-3
).   
 
 
DISCUSSION 
Data collected in this study indicate that terrestrial invertebrate inputs to tropical streams 
are a crucial component of food webs and that precipitation-driven seasonality in the 
tropics can have important implications for relative and absolute availability of both 
terrestrial and aquatic invertebrates to stream fish.  Seasonality in temperate regions has 
been shown to drastically change the availability of terrestrial insects reaching the stream, 
resulting in changes in prey abundance and composition available to fish (Kawaguchi and 
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Nakano, 2001; Nakano and Murakami, 2001; Romaniszyn et al., 2007).  This study also 
documents the importance of terrestrial invertebrates to tropical stream fish diets and the 
importance of seasonality.  However, the manner in which seasonality impacts terrestrial 
subsidies and their influence on stream food webs differ from that observed in temperate 
regions.  
 
Falling input 
Seasonality has large implications for the delivery of terrestrial invertebrates to tropical 
stream food webs. In these Trinidadian streams, the daily biomass of terrestrial 
invertebrates falling into the stream increased ~40% from the dry season to the wet 
season.  These numbers are half those of forests in temperate regions during summer 
terrestrial invertebrate abundance peaks (Mason & MacDonald, 1982; Cloe & Garman, 
1996; Kawaguchi and Nakano, 2001).  
 
Inputs of ants and non-winged, non-ant invertebrates (such as insect larvae) to streams 
were much greater in the wet season than during dry periods.  Increased biomass and the 
abundance of these invertebrates in the riparian zone (Wolda, 1980), combined with 
increased precipitation, likely explain why terrestrial invertebrate delivery to these 
streams increases during wet periods.  In contrast, we found that the delivery of winged 
insects, such as Diptera, Hemiptera, Lepidoptera and Thysanoptera, decreased during the 
wet season, compromising this simplistic explanation of seasonal differences.  Winged 
insects likely differ in response to precipitation relative to other invertebrates because 
winged insects have the ability to quickly find shelter and avoid precipitation which 
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would otherwise deliver them into the stream. Wingless ants and terrestrial insect larvae 
are more restricted in mobility and have a greater likelihood of being flushed off 
overhanging vegetation and delivered to the stream surface.  
 
Canopy density and its effect on light influence primary productivity of Trinidadian 
streams (Grether et al. 2001). Data collected in this study indicate that canopy cover 
density also has implications for secondary productivity through its influence on 
terrestrial invertebrate subsidies.  The total biomass and abundance of invertebrates 
reaching the stream decreased as the density of the canopy increased, contrary to the 
original hypothesis.   Kawaguchi and Nakano’s work (2001) indicates that complete loss 
of a canopy (e.g., grassland conditions) significantly reduces terrestrial inputs.  At our 
site, an intermediate canopy density condition exists that can support sufficient 
invertebrates while allowing rain and wind, the two primary vectors of delivery, to work 
effectively. Canopy densities ranged from 52 to 99%, and falling input appeared to peak 
at a canopy density of ~70%, suggesting that the increased movement of wind through 
the riparian corridor with decreasing canopy cover (Zhu, et al., 2003) may deliver insects 
into the stream and counteract the positive effects of vegetation density (DeAngelis, 
1992). 
 
The number of arachnids falling into the stream was also greater at open canopy sites 
than at locations with dense canopies. In densely canopied sites, arachnids had sufficient 
habitat in which to live and build webs for catching prey. Arachnids need vegetation for 
habitat, and pan traps in open canopy sites may have been the only structure for arachnids 
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to use in constructing webs (personal observation), and were targeted for that reason, 
resulting in a greater number of arachnids collected in pan traps at those sites. 
 
Total terrestrial invertebrate biomass reaching streams increased with precipitation. 
Precipitation became increasingly important as a vector for insect delivery to streams as 
canopy density increased.  Unlike wind, which increases with canopy openness (Zhu, et 
al., 2003), my data suggest that through flow of water in forest canopies can capture or 
dislodge terrestrial invertebrates and increase the rate in which they are delivered to the 
surface of the stream channel.  As canopy density increases, the greater volume of habitat 
sustains a larger abundance of insects (Bates 1944, Wilson 1959, Sutton et al. 1983; 
Longino and Nadkarni, 1990). When rain penetrates those habitats, the greater the area of 
habitat, the more invertebrates there are available to be washed toward the stream. 
Because there are a finite number of terrestrial invertebrates above any stream, my data 
suggest that intensity and duration of rainfall are critical in determining how quickly 
terrestrial invertebrates are flushed from canopy surfaces toward the stream channel.  
 
I observed a significant interaction between season, rain, and canopy density in this study. 
At the Taylor River open canopy site, where the canopy had been cleared, terrestrial 
invertebrate fall-in decreased with rain during both wet and dry seasons. However, the 
Miguel and Tapana Rivers and the un-cleared reach of Taylor River all had increasing 
delivery of terrestrial invertebrates to their stream channels with increasing precipitation 
during the wet season, but showed little effect of precipitation during the dry season. This 
result may arise from the limited pool of insects in the cleared Taylor site during the wet 
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season and subsequent difficulty in detecting differences between small (wet season) and 
potentially smaller (dry season) delivery rates. 
   
Benthic Invertebrates 
Seasonal variation in rainfall in tropical regions results in substantial changes in 
discharge and leads to scouring during the wet season.  Low flows, combined with open 
canopy and leaf fall in the dry season, facilitate benthic invertebrate growth and 
population (Wallace 1997).  High flows typical of the wet season reduce leaf food 
availability, reduce algal standing stocks that could be used as food (Kohler, unpublished 
data), and dislocate substrate and associated invertebrates (this study; Heatherly 
unpublished data; Resh et al., 1988; Flecker and Feirfarek, 1994; Poff et al., 1997).  We 
observed substantial increases in flow during the wet season, accompanied by significant 
reductions in invertebrate abundance and biomass in both pool and riffle habitats (Table 
4). 
 
Drifting Invertebrates 
Wet season increases in terrestrial invertebrates falling into streams, such as ants and 
terrestrial larvae were reflected in the drift.  However, we observed a >two-fold increase 
in the contribution of terrestrial biomass in the drift from the dry to the wet season, even 
though falling input to streams increased only 1.4 times between these seasons (Table 2 
and 6).  Terrestrial invertebrates delivered from the stream margin, potentially by 
overland flow, may substantially add to the increases in terrestrial invertebrate subsidies 
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observed between the seasons in this study.  Further work quantifying lateral mechanisms 
of invertebrate delivery to streams will be required to substantiate this claim. 
 
The number of ants falling into streams increased significantly from wet to dry season at 
all sites, but decreased at the Taylor open site, where the canopy was reduced (Table 6, 
Figure 20). Ant abundance in the drift mirrored this trend, where biomass and percent of 
the drift increased in the Miguel and Tapana Rivers from wet to dry season, but fell at the 
Taylor open site.  
 
No significant changes occurred in the biomass or abundance of aquatic invertebrates 
entering the drift despite large changes in their benthic abundance.   Aquatic invertebrate 
biomass in the drift was expected to decrease during the wet season as a result of these 
patterns in benthic densities.  Even though benthic invertebrate densities were reduced, 
increased flow during the wet season dislodges a greater proportion of the benthic 
invertebrate community, effectively offsetting the influence of benthic invertebrate 
composition and abundance of invertebrates in the drift.  
 
 
Rivulus Diet Analysis 
We observed significant changes in the representative biomass and abundance of 
terrestrial and aquatic invertebrates found in the guts of the Rivulus from dry to wet 
season.  When terrestrial biomass comprising the drift increased 2.3-fold, terrestrial 
composition of Rivulus guts mirrored this increase (Table 11).  For example, the percent 
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biomass of terrestrial invertebrates in Rivulus guts increased 2.2 times, matching the 
magnitude of change observed in the drift. Similarly, when falling ant input increased 
three-fold from dry to wet season, accompanied by an approximately 4-fold increase in 
ant biomass in the drift, and a four-fold increase in at volume in the drift, ant volume in 
Rivulus guts quadrupled, mirroring that flux (Tables 2, 6 and 9).  
 
When Benthic Invertebrate biomass dropped 3-fold from the dry season to the wet season, 
the contribution of aquatic invertebrates in fish guts (as total volume) dropped by 15-fold. 
Fish have been observed to feed from the benthos when terrestrial invertebrate input is 
reduced (Tippets and Moyle 1978, Bechara et al. 1992, Nakano et al. 1999a). I suggest 
that the six-fold increase in influx of ants to the drift during the wet season triggers a 
switch in feeding behavior of these fish towards keying in on terrestrial invertebrates 
during that season.. 
 
Despite this proposed change in feeding strategy, the total volume of invertebrates in 
Rivulus guts decreased 62% during the wet season, while the total biomass of 
invertebrates in the drift increased 175%. I suggest that increased wet season discharge 
raises fish metabolic rates and energetic needs, potentially resulting in quicker use of 
ingested food (Hill and Grossman, 1993). Alternatively, reductions in water clarity that 
accompany higher flows in the wet season may also impede feeding efficiency (Benfield 
and Minello, 1996; De Robertis et al., 2003).  The volume of detritus found in Rivulus 
guts also decreased in the wet season (~30%), but was not determined to be significant.  
Given the effect of flow on suspended particulate material, this trend may be opposite of 
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what one might predict. However, low stream flows during the dry season result in an 
increase in benthic algae and associated organic matter.  If Rivulus shift toward benthic 
feeding in the dry season they may also entrain more detritus into their guts. 
 
The occurrence of aquatic invertebrates in the guts of Rivulus was much more common in 
the dry season than during the wet season, suggesting a seasonal shift in the importance 
of aquatic secondary production in supporting these fish.  In contrast, terrestrial 
invertebrates appear to be an important food resource year round, being present in >90% 
of fish guts in the dry season and found in all of the guts during the wet season.  These 
data suggest that Rivulus likely prefer terrestrials to benthic invertebrates or at least find 
them easier to capture. The representation of aquatic invertebrates in the drift didn’t 
significantly change from wet to dry season, but aquatic invertebrate volume in the gut 
dropped drastically.  Aquatic invertebrate swimmers may be more difficult to prey upon 
in the drift than non-mobile terrestrial prey (Peckarsky, 1980). Fish may be keying in on 
aquatic invertebrates on the stream bed but capture terrestrials strictly from the drift 
during the dry season.  
 
Conclusion 
Based on this research, terrestrial invertebrate subsidies contribute a significant amount 
of energy to stream ecosystems and are an important ecological component to aquatic 
food webs in tropical regions. Research in temperate zones has documented how 
seasonality impacts the magnitude of terrestrial subsidies delivered to streams and their 
relative importance to stream food webs, even when seasonal changes in benthic 
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invertebrate communities are minor. (Nakano and Murakami, 2001; Kawaguchi and 
Nakano, 2001; Romaniszyn et at., 2007).  Consumption of terrestrial invertebrates by fish 
increases significantly in the summer, when falling input peaks (Kawaguchi and Nakano 
2001).  I observed a very different condition in Trinidad, suggesting that temporal 
patterns in the tropics may be very different compared to their temperate counterparts...  
In my focal streams, R. hartii responded to seasonal variation in falling input and benthic 
invertebrate abundance by increasing aquatic invertebrate consumption when their 
benthic abundance was high in the dry season, then switch to terrestrial invertebrates as 
their abundance in the drift spikes in the wet season.  
 
Effects of seasonality in the tropics extend beyond fish diets. Riparian zones subsidize 
substantial amounts of energy to downstream habitats, reaching across multiple trophic 
levels. Drastic reductions in aquatic invertebrates, characteristic of tropical river 
ecosystems, increase the importance of terrestrial invertebrates as an energetic resource to 
river food webs, and can have cascading effects not only on direct consumers like fish, 
but on spiders and bats inhabiting the riparian corridor. Human disturbances affecting 
canopies can alter these systems, reducing allochthanous inputs and increasing 
autochthanous production from solar radiation (Fisher and Likens 1973).  I suggest that 
managing the riparian canopy in tropical systems is crucial to trophic condition of these 
diverse and valuable ecosystems. 
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TABLES AND FIGURES 
Table 1. Characteristics of the Trinidad study sites. 
Variables Tapana Miguel Taylor (open) Taylor (closed)
Coordinates 10°44'38”N 61°13'28”W 10°44'43”N 61°13'11”W 10°42'28”N 61°16'25”W 10°42'28”N 61°16'25”W
Stream order 2
nd
2
nd
2
nd
2
nd
Drainage basin Madamas Madamas Guanapo Guanapo
Reach length (m) 150 150 75 75
Width (m) 2.5 2.4 1 1
Canopy shade ave 
(%)
93.3 70.9 68.7 96.6
Depth (cm) 12.5 12 TBD TBD
Water 
Temperature
21.75-28.22°C 21.70-25.50°C TBD TBD
Dry Season 
Discharge (m
3
s
-1
)
0.02 0.024 0.01 0.01
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Table 2. Mean terrestrial invertebrate biomass (mg m
-2
 day
-1
) and abundance (# m
-2
 
day
-1
) falling inputs for the Miguel, Tapana and Taylor streams in Trinidad..  
 
Biomass Mean ± SE Mean ± SE
Total Invertebrate 51.82 ± 6.01 72.22 ± 6.96
Adult Winged 39.67 ± 5.80 43.85 ± 5.06
Ant 7.44 ± 1.23 18.82 ± 4.17
Non-winged Non-Ant 4.71 ± 0.83 9.55 ± 2.44
Abundance Mean ± SE Mean ± SE
Total Invertebrate 232.71 ± 8.79 259.89 ± 12.76
Adult Winged 171.37 ± 8.16 139.42 ± 5.98
Diptera 118.86 ± 6.57 93.10 ± 3.84
Hymenoptera 9.11 ± 0.73 12.96 ± 1.55
Odonata 0.54 ± 0.21 0.51 ± 0.21
Trichoptera 4.72 ± 0.50 6.91 ± 0.76
Hemiptera 13.66 ± 1.33 7.57 ± 0.97
Coleoptera 4.63 ± 0.58 4.65 ± 0.51
Lepidoptera 0.32 ± 0.12 0.25 ± 0.12
Thysanoptera 14.06 ± 1.87 9.65 ± 1.84
Ephemeroptera 4.34 ± 0.67 2.88 ± 0.41
Ant 22.00 ± 1.59 67.94 ± 8.66
Non-winged Non-Ant 39.34 ± 2.21 52.53 ± 5.26
Larvae 23.68 ± 1.75 34.83 ± 4.87
Arachnid 5.28 ± 0.54 4.53 ± 0.50
Dipteran Larvae 20.36 ± 1.66 23.24 ± 2.40
Colembola 9.81 ± 1.12 11.10 ± 1.12
Wingless Ant 14.07 ± 1.40 28.91 ± 7.23
Wet SeasonDry Season
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Table 3. Analysis of Variance (ANOVA) output for significant comparisons of 
terrestrial invertebrate biomass (mg m
-2
 day
-1
) and abundance (# m
-2
 day
-1
) inputs to 
the streams. Comparisons were made by season (Se), precipitation (R) and canopy 
density (C). All values listed are P values except for the r
2 
column (values ≤ 0.05 are 
in bold) 
 
r2 R C Se R*C R*Se C*Se R*C*Se
Biomass
Total 0.14 0.55 0.06 0.73 0.02 0.28 0.05 0.01
Adult Winged 0.13 0.4 0.17 0.41 0.01 0.21 0.17 <.01
Ant 0.15 0.81 0.73 0.22 0.9 0.89 0.55 0.72
Non-winged, Non-Ant 0.11 0.98 0.91 0.3 0.58 0.91 0.43 0.42
Abundance
Total 0.38 0.03 0.3 0.75 0.14 0.27 0.02 0.52
Adult Winged 0.5 0.79 0.46 <.01 0.02 0.16 0.35 0.25
Diptera 0.38 0.11 0.63 <.01 0.01 0.07 0.4 0.13
Hymenoptera 0.54 0.61 0.33 0.15 0.36 0.53 0.06 0.33
Odonata 0.1 0.73 0.25 0.82 0.31 0.19 0.29 0.08
Trichoptera 0.19 0.01 0.09 0.24 0.14 0.3 0.36 0.4
Hemiptera 0.3 0.01 0.3 <.01 0.13 0.3 0.19 0.77
Coleopterea 0.18 0.94 0.34 0.29 0.58 0.26 0.07 0.76
Lepidoptera 0.14 0.16 0.36 0.04 0.77 0.01 0.45 0.11
Thysanoptera 0.31 0.03 0.57 <.01 0.11 0.83 0.27 0.72
Ephemeroptera 0.43 0.01 0.26 0.68 0.1 0.01 0.31 0.1
Ants 0.17 0.05 0.5 0.08 0.54 0.33 0.94 0.88
Wingless Ants 0.12 0.66 0.2 0.51 0.33 0.54 0.83 0.61
Larvae 0.28 0.06 0.58 0.02 0.45 0.51 0.08 0.61
Arachnida 0.21 0.99 0.01 0.57 0.12 0.56 0.2 0.19
Dipteran Larvae 0.4 <.01 0.35 0.28 0.08 0.31 0.51 0.18
Colembola 0.55 0.7 0.07 0.01 0.74 0.14 <.01 0.13  
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Table 4. Dry vs. Mean seasonal benthic invertebrate biomass (mg m-2) and 
abundance (# m
-2
).  
Biomass
Total 382.22 ± 133.86 129.65 ± 40.02
Abundance
Total 2904.30 ± 506.14 1257.81 ± 213.87
Ephemeroptera 1464.84 ± 308.25 523.44 ± 165.11
Odonata 126.95 ± 40.97 134.77 ± 41.81
Plecoptera 39.06 ± 23.84 15.63 ± 10.67
Hemiptera 11.72 ± 10.37 1.95 ± 1.95
Trichoptera 763.67 ± 256.10 308.59 ± 96.01
Coleoptera 494.14 ± 100.13 273.44 ± 79.23
Diptera 2867.19 ± 855.36 898.44 ± 189.81
Dry Season Wet Season
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Table 5. Analysis of Variance (ANOVA) output for significant comparisons of 
benthic aquatic invertebrate biomass (mg m
-2
 day
-1
) and abundance (# m
-2
 day
-1
) in 
the Miguel and Tapana streams. Comparisons were made by habitat (H), transect 
(T), stream (S), season (D). All results are P values (values ≤ 0.05 are in bold). 
 
 
S H D T(S) S*H H*D S*D H*T(S) T*D(S) S*H*D
Biomass
Total 0.37 0.06 0.03 0.68 0.58 0.03 0.85 0.21 0.32 0.33
Abundance
Total 0.63 0.11 <.01 0.77 0.48 0.07 0.67 0.06 0.12 0.36
Tubificidae 0.26 0.21 0.43 0.56 0.27 0.40 0.43 0.23 0.45 0.29
Snail 0.01 0.02 0.33 0.74 0.09 0.21 1.00 0.67 0.71 0.59
Hydrachnidae 0.02 0.44 0.45 0.66 0.15 1.00 0.25 0.89 0.48 0.30
Ephemeroptera 0.90 0.44 0.01 0.62 0.61 0.26 0.80 0.10 0.23 0.29
Baetidae 0.66 0.18 <.01 0.51 0.46 0.61 0.46 0.39 0.65 0.39
Ephemerellidae 0.23 0.54 0.23 0.62 0.54 0.54 0.23 0.50 0.66 0.54
Tricorythidae 0.07 0.26 0.38 0.67 0.84 0.02 0.63 0.39 0.17 0.73
Euthypleceidae 0.02 0.43 0.10 0.52 0.51 0.15 0.07 0.26 0.75 0.11
Caenidae 0.56 0.02 0.73 0.56 0.48 0.85 0.45 0.52 0.58 0.57
Leptophlebeidae 0.74 0.08 0.14 0.54 0.64 0.13 0.88 0.64 0.15 0.63
Ephemeroptera pup 1.00 0.21 1.00 0.58 1.00 1.00 0.21 0.50 0.50 0.21
Odonata 0.02 <.01 0.82 0.93 0.81 0.81 0.17 0.52 0.45 0.41
Coenagrionidae 0.00 <.01 0.86 0.97 0.52 0.82 0.18 0.47 0.29 0.24
Calopterygidae 0.36 0.36 0.36 0.58 0.36 0.36 0.36 0.50 0.50 0.36
Cordulidae 0.58 0.30 0.77 0.62 0.05 0.84 0.39 0.56 0.81 0.84
Plecoptera 0.29 0.31 0.22 0.61 0.46 0.87 0.40 0.43 0.75 0.63
Perlidae 0.29 0.31 0.22 0.61 0.46 0.87 0.40 0.43 0.75 0.63
Hemiptera 0.82 0.52 0.30 0.62 0.30 0.30 0.52 0.50 0.50 0.52
Veliidae 0.67 0.73 0.32 0.71 0.32 0.32 0.73 0.50 0.50 0.73
Gerridae 0.36 0.36 0.36 0.58 0.36 0.36 0.36 0.50 0.50 0.36
Tricoptera 0.77 <.01 <.01 0.91 0.83 0.09 0.86 0.62 0.90 0.90
Polycentropodidae 0.01 0.27 0.36 0.79 0.27 0.02 0.36 0.13 0.50 0.02
Hydropsychidae 0.72 0.01 0.03 0.54 0.83 0.02 0.93 0.50 0.35 0.83
Glossosomatidae 0.14 0.11 0.10 0.55 0.14 0.10 0.13 0.38 0.50 0.13
Philoptomidae 0.38 0.05 0.86 0.46 0.33 0.51 0.75 0.24 0.20 0.23
Hydroptilidae 1.00 0.03 <.01 0.91 0.49 0.38 0.67 0.49 0.99 0.65
Trichoptera pupae 0.22 0.33 0.32 0.78 0.74 0.39 0.57 0.62 0.64 0.77
Coleoptera 0.02 0.08 0.01 0.53 0.15 0.64 0.46 0.34 0.75 0.74
Psephenidae 1.00 0.02 0.39 0.45 0.37 1.00 0.77 0.52 0.48 0.88
Elmidae 0.00 0.39 0.04 0.62 0.13 0.55 0.37 0.50 0.47 0.75
Diptera 0.87 0.00 <.01 0.80 0.61 0.03 0.11 0.77 0.70 0.33
Ceratopogonidae <.01 <.01 0.35 0.85 0.03 0.39 0.96 0.88 0.16 0.82
Chironomidae 0.76 0.01 0.01 0.81 0.54 0.05 0.16 0.76 0.71 0.40
Psychodidae 0.36 0.36 0.36 0.58 0.36 0.36 0.36 0.50 0.50 0.36
Simulidae 0.28 0.78 0.09 0.67 0.78 0.78 0.28 0.50 0.76 0.78
Stratiomyeidae 0.25 0.11 1.00 0.70 0.39 0.49 0.65 0.70 0.15 1.00
Tuipulidae 0.58 1.00 0.07 0.52 1.00 1.00 0.13 0.29 0.49 0.63
Athericidae 0.11 0.06 0.02 0.74 0.90 0.01 0.19 0.14 0.07 0.18
Dipteran Pupae 0.26 0.41 0.16 0.59 0.41 0.08 0.46 0.12 0.14 0.14
Megaloptera 0.36 0.36 0.36 0.58 0.36 0.36 0.36 0.50 0.50 0.36
Conchostraca 0.20 0.92 0.22 0.83 0.77 0.86 0.16 0.09 0.19 0.25
Amphipodidae 0.20 0.15 0.37 0.60 0.20 0.37 0.47 0.57 0.50 0.47
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Table 6. Means and SE of invertebrate biomass (mg m
-3
 hr
-1
) and abundance (# m
-3
 
hr
-1
) comprising drift in the Miguel, Tapana and Taylor streams.  
 
Drifting Invertebrates Mean ± SE Mean ± SE
Biomass
Total 0.20 ± 0.06 0.35 ± 0.10
% Terrestrial 27.54 ± 4.89 43.35 ± 8.54
% Aquatic 0.72 ± 0.05 0.57 ± 0.09
% Ant 6.19 ± 1.60 12.29 ± 4.97
Terrestrial 0.07 ± 0.02 0.16 ± 0.05
Aquatic 0.14 ± 0.04 0.19 ± 0.07
Ant 0.01 ± 0.01 0.06 ± 0.02
Winged 0.03 ± 0.01 0.09 ± 0.03
Non-winged, Non- ant 0.02 ± 0.01 0.02 ± 0.01
Abundance
Total 5.16 ± 1.02 6.91 ± 1.98
% Terrestrial 19.87 ± 4.01 33.29 ± 5.12
% Aquatic 0.80 ± 0.04 0.67 ± 0.05
% Ant 5.99 ± 1.95 12.86 ± 4.17
Terrestrial 1.16 ± 0.34 2.47 ± 0.76
Aquatic 4.00 ± 0.75 4.44 ± 1.32
Ephemeroptera Larval 1.66 ± 0.39 1.17 ± 0.26
Odonata Larval 0.17 ± 0.05 0.40 ± 0.08
Plecoptera Larval 0.02 ± 0.00 0.08 ± 0.05
Hemiptera Immature 0.05 ± 0.01 0.07 ± 0.02
Trichoptera Larval 0.57 ± 0.16 1.41 ± 0.65
Lepidoptera Larval 0.01 ± 0.00 0.04 ± 0.02
Coleoptera Larval 0.11 ± 0.02 0.43 ± 0.22
Diptera Larval 1.40 ± 0.35 0.81 ± 0.18
Ant 0.38 ± 0.14 1.11 ± 0.46
Winged Terrestrial 0.53 ± 0.17 0.52 ± 0.08
Non-winged Terrestrial 0.25 ± 0.07 0.84 ± 0.30
Terrestrial Larval 0.03 ± 0.01 0.14 ± 0.05
Arachnida 0.12 ± 0.03 0.53 ± 0.22
Dry Season Wet Season
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Table 7. Analysis of Variance (ANOVA) output for significant comparisons of 
drifting invertebrate biomass (mg m
-3
 hr
-1
) and abundance (# m
-3
 hr
-1
) inputs to the 
streams. Comparisons were made by stream, season, and site within stream for the 
Taylor River. All values are p-values except for r
2
 column. 
________________________________________________________________________ 
Biomass r
2
Stream Season Site(Stream) Stream*Season Season*Site(Stream)
Total 0.79 0.07 0.21 0.81 0.78 0.91
% Terrestrial 0.68 0.18 0.21 0.96 0.81 0.94
% Aquatic 0.68 0.18 0.21 0.96 0.81 0.94
% Ant 0.97 0.00 0.02 0.88 0.02 0.68
Terrestrial 0.94 0.01 0.02 0.86 0.14 0.93
Aquatic 0.52 0.27 0.59 0.84 0.94 0.93
Ant 0.93 0.02 0.03 0.97 0.06 0.99
Winged Terrestrial 0.92 0.02 0.03 0.82 0.14 0.85
Non-Winged Non-Ant 0.51 0.25 0.96 1.00 0.93 0.96
Abundance
Total 0.60 0.20 0.52 0.60 0.91 0.96
% Terrestrial 0.87 0.04 0.04 0.55 0.81 0.60
% Aquatic 0.87 0.04 0.04 0.55 0.81 0.60
% Ant 0.94 0.01 0.03 0.81 0.14 0.95
Terrestrial 0.85 0.04 0.10 0.66 0.47 0.85
Aquatic 0.46 0.33 0.83 0.59 0.99 0.91
Ant 0.89 0.03 0.08 0.91 0.17 1.00
Winged Terrestrial 0.86 0.05 0.84 0.13 0.18 0.43
Arachnid 0.64 0.35 0.22 0.99 0.54 1.00
Non-Winged Non-Ant 0.71 0.22 0.16 0.96 0.50 0.96
Terrestrial Invertebrate Larvae 0.88 0.07 0.04 0.90 0.15 0.93
Ephemeroptera Larvae 0.80 0.13 0.29 0.29 0.21 0.83
Odonata Larvae 0.63 0.67 0.12 0.48 0.86 0.45
Plecoptera Larvae 0.55 0.47 0.37 1.00 0.48 0.86
Hemiptera Immature 0.80 0.19 0.25 0.15 0.17 0.59
Trichoptera Larvae 0.51 0.40 0.41 1.00 0.72 0.98
Lepidoptera Larvae 0.87 0.12 0.08 0.63 0.06 0.63
Coleoptera Larvae 0.76 0.16 0.22 1.00 0.25 0.97
Diptera Larvae 0.75 0.19 0.19 0.26 0.57 0.51  
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Table 8. Means and standard errrs of invertebrate biomass (mg m
-3
 hr
-1
) and 
abundance (# m
-3
 hr
-1
) comprising drift in each the Miguel, Tapana and Taylor 
streams. 
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
Biomass
Total 0.30 ± 0.06 0.52 ± 0.27 0.27 ± 0.03 0.44 ± 0.03 0.03 ± 0.01 0.09 ± 0.03
% Terrestrial 32.81 ± 5.93 43.21 ± 11.96 35.81 ± 10.40 55.70 ± 0.30 16.00 ± 4.33 22.19 ± 3.93
% Aquatic 67.19 ± 12.14 56.79 ± 15.72 64.19 ± 18.65 44.30 ± 0.24 84.00 ± 22.75 77.81 ± 13.79
% Ant 5.43 ± 0.98 7.21 ± 2.00 10.25 ± 2.98 27.62 ± 0.15 2.90 ± 0.79 2.05 ± 0.36
Terrestrial 0.10 ± 0.05 0.23 ± 0.06 0.10 ± 0.02 0.25 ± 0.02 0.01 ± 0.00 0.02 ± 0.01
Aquatic 0.20 ± 0.00 0.30 ± 0.21 0.18 ± 0.01 0.19 ± 0.01 0.03 ± 0.01 0.07 ± 0.02
Ant 0.02 ± 0.00 0.04 ± 0.03 0.03 ± 0.01 0.12 ± 0.01 0.00 ± 0.00 0.00 ± 0.00
Winged 0.04 ± 0.02 0.15 ± 0.03 0.06 ± 0.02 0.11 ± 0.01 0.00 ± 0.00 0.02 ± 0.01
Non-winged, Non- ant 0.04 ± 0.04 0.03 ± 0.00 0.01 ± 0.00 0.02 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
Abundance
Total 6.24 ± 0.91 8.34 ± 5.48 6.98 ± 0.61 9.71 ± 0.40 2.27 ± 1.21 2.69 ± 1.02
% Terrestrial 19.71 ± 0.19 36.38 ± 8.21 29.71 ± 7.09 43.74 ± 1.15 10.20 ± 0.29 19.74 ± 4.69
% Aquatic 80.31 ± 21.75 69.01 ± 11.50 70.92 ± 16.92 56.21 ± 7.11 89.64 ± 35.02 78.48 ± 13.62
% Ant 5.44 ± 1.47 12.48 ± 2.08 11.11 ± 2.65 24.15 ± 3.06 1.41 ± 0.55 1.95 ± 0.34
Terrestrial 1.23 ± 0.29 2.58 ± 1.31 2.03 ± 0.44 4.25 ± 0.50 0.24 ± 0.13 0.58 ± 0.33
Aquatic 5.01 ± 0.74 5.75 ± 4.17 4.95 ± 0.93 5.46 ± 0.11 2.04 ± 1.08 2.11 ± 0.69
Ephemeroptera Larval 2.79 ± 0.05 1.22 ± 0.79 1.44 ± 0.13 1.36 ± 0.30 0.76 ± 0.30 0.92 ± 0.45
Odonata Larval 0.09 ± 0.01 0.40 ± 0.27 0.23 ± 0.05 0.48 ± 0.04 0.17 ± 0.16 0.33 ± 0.01
Plecoptera Larval 0.02 ± 0.01 0.19 ± 0.14 0.02 ± 0.01 0.03 ± 0.00 0.01 ± 0.01 0.02 ± 0.01
Hemiptera Immature 0.06 ± 0.01 0.03 ± 0.03 0.05 ± 0.00 0.12 ± 0.03 0.03 ± 0.02 0.06 ± 0.04
Trichoptera Larval 0.67 ± 0.09 2.23 ± 1.94 0.88 ± 0.34 1.91 ± 0.11 0.16 ± 0.02 0.09 ± 0.02
Lepidoptera Larval 0.01 ± 0.01 0.03 ± 0.03 0.00 ± 0.00 0.09 ± 0.01 0.01 ± 0.01 0.00 ± 0.00
Coleoptera Larval 0.17 ± 0.04 1.00 ± 0.46 0.08 ± 0.02 0.26 ± 0.07 0.07 ± 0.01 0.01 ± 0.01
Diptera Larval 1.19 ± 0.54 0.65 ± 0.50 2.20 ± 0.36 1.11 ± 0.20 0.81 ± 0.61 0.66 ± 0.18
Ant 0.35 ± 0.14 0.93 ± 0.51 0.76 ± 0.12 2.36 ± 0.39 0.04 ± 0.03 0.06 ± 0.03
Winged Terrestrial 0.47 ± 0.06 0.54 ± 0.06 0.97 ± 0.26 0.62 ± 0.04 0.14 ± 0.10 0.42 ± 0.27
Non-winged Terrestrial 0.41 ± 0.09 1.12 ± 0.74 0.30 ± 0.06 1.28 ± 0.07 0.06 ± 0.00 0.11 ± 0.03
Terrestrial Larval 0.04 ± 0.00 0.16 ± 0.08 0.04 ± 0.01 0.24 ± 0.02 0.01 ± 0.00 0.02 ± 0.01
Arachnida 0.19 ± 0.03 0.72 ± 0.60 0.14 ± 0.05 0.84 ± 0.03 0.04 ± 0.00 0.03 ± 0.00
Tapana Miguel Taylor
Wet SeasonDry Season Wet Season Dry Season Wet Season Dry Season
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Table 9. Seasonal Means of Invertebrates comprising Rivulus gut volume (mm
2
) and 
abundance. Comparisons were made by stream and season. 
 
Mean ± SE Mean ± SE
Individual Aquatic Invertebrates 2.38 ± 0.39 0.50 ± 0.23
Individual Terrestrial Invertebrates 4.38 ± 0.73 6.25 ± 0.93
Individual Ants 2.84 ± 0.61 4.03 ± 0.74
Total Individuals 6.75 ± 0.83 6.75 ± 0.90
% Aquatic Individuals 0.38 ± 0.05 0.09 ± 0.04
% Terrestrial Individuals 0.62 ± 0.05 0.91 ± 0.04
% Ants 0.37 ± 0.08 0.51 ± 0.06
Presence/Absence of Aquatic Invertebrates 0.78 ± 0.07 0.22 ± 0.07
Presence/Absence of Terrestrial Invertebrates 0.91 ± 0.05 1.00 ± 0.00
Presence/Absence of Ants 0.66 ± 0.09 0.81 ± 0.07
Total Aquatic Invertebrate Volume (mm2) 11.48 ± 4.16 0.76 ± 0.58
Total Deitrital Volume (mm2) 111.09 ± 21.48 76.67 ± 24.10
Total Terrestrial Invertebrate Volume (mm2) 58.20 ± 30.60 34.73 ± 7.45
Total Ant Volume (mm2) 2.65 ± 0.92 10.60 ± 3.91
Total Volume (mm2) 180.77 ± 38.17 112.16 ± 23.35
% Volume Aquatic Invertebrates 0.12 ± 0.04 0.01 ± 0.01
% Volume Detritus 0.69 ± 0.05 0.56 ± 0.06
% Volume Terrestrial Invertebrates 0.19 ± 0.04 0.42 ± 0.06
% Volume Ants 0.03 ± 0.01 0.14 ± 0.04
Dry Season Wet Season
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Table 10. Analysis of covariance (ANCOVA) output for significant comparisons of 
Invertebrates comprising Rivulus gut volume (mm
2
) and abundance. Comparisons 
were made by stream and season. All values are p-values except for r
2
 column. 
 
Dependent Variable: r2 River Season River*Season
Aquatic Individuals 0.23 0.78 <0.01 0.41
Terrestrial Individuals 0.17 0.08 0.10 0.02
Ants 0.16 0.02 0.19 0.05
Total Individuals 0.15 0.07 1.00 0.01
% Aquatic Individuals 0.27 0.18 <0.01 0.58
% Terrestrial Individuals 0.27 0.18 <0.01 0.58
% Ants 0.06 0.20 0.14 0.84
P/A Aquatics 0.34 0.55 <0.01 0.24
P/A Terrestrials 0.06 0.56 0.08 0.56
P/A Ants 0.04 0.78 0.17 0.40
Volume Aquatic Invertebrates 0.11 0.41 0.01 0.59
Volume Detritus 0.04 0.79 0.29 0.27
Volume Terrestrial Invertebrates 0.03 0.49 0.46 0.33
Volume Ants 0.08 0.38 0.05 0.58
Total Volume 0.07 0.83 0.13 0.15
% Volume Aquatic Invertebrates 0.14 0.21 0.01 0.45
% Volume Detritus 0.06 0.34 0.11 0.82
% Volume Terrestrial Invertebrates 0.14 0.73 0.00 0.88
% Volume Ants 0.18 0.06 0.01 0.31  
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Table 11. Seasonal Means of Invertebrates comprising Rivulus gut volume (mm
2
) 
and abundance. Comparisons were made by stream and season. 
 
Mean ± SE Mean ± SE Mean ± SE Mean ± SE
Individual Aquatic Invertebrates 2.25 ± 0.47 0.75 ± 0.44 2.50 ± 0.63 0.25 ± 0.11
Individual Terrestrial Invertebrates 4.00 ± 1.17 8.63 ± 1.61 4.75 ± 0.92 3.88 ± 0.49
Individual Ants 3.00 ± 0.94 6.00 ± 1.24 2.69 ± 0.80 2.06 ± 0.42
Total Individuals 6.25 ± 1.25 9.38 ± 1.46 7.25 ± 1.12 4.13 ± 0.52
% Aquatic Individuals 0.44 ± 0.07 0.11 ± 0.06 0.32 ± 0.08 0.06 ± 0.03
% Terrestrial Individuals 0.56 ± 0.07 0.89 ± 0.06 0.68 ± 0.08 0.94 ± 0.03
% Ants 0.44 ± 0.13 0.57 ± 0.08 0.30 ± 0.08 0.46 ± 0.09
Presence/Absence of Aquatic Invertebrates 0.88 ± 0.09 0.19 ± 0.10 0.69 ± 0.12 0.25 ± 0.11
Presence/Absence of Terrestrial Invertebrates 0.94 ± 0.06 1.00 ± 0.00 0.88 ± 0.09 1.00 ± 0.00
Presence/Absence of Ants 0.63 ± 0.13 0.88 ± 0.09 0.69 ± 0.12 0.75 ± 0.11
Total Aquatic Invertebrate Volume (mm2) 14.37 ± 5.39 1.38 ± 1.15 8.59 ± 6.44 0.15 ± 0.10
Total Deitrital Volume (mm2) 97.32 ± 34.23 99.31 ± 44.60 124.85 ± 26.66 54.03 ± 18.50
Total Terrestrial Invertebrate Volume (mm2) 31.70 ± 12.80 39.46 ± 11.86 84.70 ± 60.11 30.00 ± 9.26
Total Ant Volume (mm2) 3.32 ± 1.69 13.50 ± 5.68 1.99 ± 0.78 7.70 ± 5.45
Total Volume (mm2) 143.39 ± 40.58 140.14 ± 42.72 218.14 ± 64.73 84.17 ± 18.02
% Volume Aquatic Invertebrates 0.16 ± 0.05 0.02 ± 0.01 0.08 ± 0.06 0.00 ± 0.00
% Volume Detritus 0.64 ± 0.05 0.53 ± 0.09 0.74 ± 0.08 0.59 ± 0.09
% Volume Terrestrial Invertebrates 0.20 ± 0.05 0.44 ± 0.09 0.18 ± 0.07 0.41 ± 0.09
% Volume Ants 0.05 ± 0.02 0.20 ± 0.06 0.01 ± 0.01 0.08 ± 0.04
Wet Season
Miguel Tapana
Dry Season Wet Season Dry Season
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Figure 1: Map of sampled drainages in the Northern Range of Trinidad: (1) Guanapo 
Drainage, (2) Madamas Drainage. Middle insert is detail of Taylor River in the 
Guanapo drainage (1). Right insert is detail of Tapana and Miguel Rivers in 
Madamas Drainage.  
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Figure 2: Average monthly rainfall in Trinidad. Data are averages based on precipitation 
from 1961-1990. Data obtained from the World Metrological Organization 
(http://worldweather.wmo.int/027/c00100.htm). 
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Figure 3:  Average biomass (mg m
-2
 day
-1
) and abundance (# m
-2
 day
-1
) of terrestrial 
invertebrates falling into streams by season. Bars denote standard errors of the means; 
Letters above bars denote significance. Bars without letter are not significantly different.
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Figure 4:  Falling input by season, including biomass (mg m-
2
 day
-1
) of winged 
terrestrials, ants and non-winged, non-ant terrestrial invertebrates. Ant data was 
log transformed before statistical analysis. Bars denote standard errors of the 
means; Letters above bars denote significance. Bars without letter are not 
significantly different. 
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Figure 5:  Falling input abundance (# m
-2
 day
-1
) by season, including adult dipterans, 
Thysanopterans, Hymenopterans, Ants, Hemipterans, Coleopterans, total larvae, 
and Arachnids. Bars denote standard errors of the means; Letters above bars 
denote significance. Bars without letter are not significantly different. 
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Figure 6:  Biomass (mg m
-2
 day
-1
) and abundance (# m
-2
 day
-1
) of terrestrial invertebrates 
falling into stream during wet and dry season by canopy density  
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Figure 7:  Falling Arachnid abundance (# m
-2
 day
-1
) in open (<88%) and closed (>88%) 
canopy types. Bars denote standard errors of the means; Letters above bars denote 
significance. Bars without letter are not significantly different. 
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Figure 8:  Total falling invertebrate biomass by precipitation for wet and dry seasons at 
each stream. Bars denote standard errors of the means. 
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Figure 9:  Total falling invertebrate abundance by precipitation for wet and dry seasons at 
each stream. Bars denote standard errors of the means. 
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Figure 10: Total average falling invertebrate abundance by precipitation for wet and dry 
seasons for winged adults, ants, total larvae, and Dipteran larvae. Bars denote 
standard errors of the means. 
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Figure 11: Total terrestrial invertebrate fall in biomass, adult winged invertebrate 
biomass and Dipteran abundance in open (<88%) and closed (>88%) canopy 
types vs. precipitation 
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Figure 12: Total falling input of terrestrial biomass by canopy density and precipitation 
for wet and dry seasons 
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Figure 13: Total benthic invertebrate biomass (mg m
-2
) and abundance (# m
-2
) for each 
stream for wet and dry season. Bars denote standard errors of the means; Letters 
above bars denote significance. Bars without letter are not significantly different. 
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Figure 14:  Benthic invertebrate abundance per season for each stream for 
Ephemeroptera, Diptera, Plecoptera, Coleoptera, Trichoptera and Odonata. Bars 
denote standard errors of the means; Letters above bars denote significance. Bars 
without letter are not significantly different. 
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Figure 15:  Total drifting invertebrate biomass and abundance by stream and season. Bars 
denote standard errors of the means; Letters above bars denote significance. Bars 
without letter are not significantly different. 
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Figure 16: Biomass (mg m
-3
) of terrestrial and aquatic invertebrates comprising drift 
and % composition of invertebrates in drift for each individual stream for wet and 
dry season 
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Figure 17: Drifting invertebrate abundance of terrestrials, aquatics, ants, non-winged 
non-ants, spiders and total larvae by season. Bars denote standard errors of the 
means; Letters above bars denote significance. Bars without letter are not 
significantly different. 
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Figure 18:  Percent terrestrial and Percent aquatic invertebrate abundance in Rivulus guts 
for the wet and dry seasons by stream. Bars denote standard errors of the means; Letters 
above bars denote significance. Bars without letter are not significantly different. 
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Figure 19:  Invertebrate volume (mm
2
) comprising Rivulus guts by stream and season. 
Percent composition of invertebrates in Rivulus guts seasonally 
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Figure 20:  Ant Abundance among Rivulus guts by season. Bars denote standard errors of 
the means; Letters above bars denote significance. Bars without letter are not 
significantly different. 
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Appendix 1. Mean terrestrial invertebrate biomass (mg m
-2
 day
-1
) and abundance (# 
m
-2
 day
-1
) falling inputs for all streams.  
 
Stream
Season Wet Season
Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean ± SE
Biomass
Total 69.49 ± 12.69 84.45 ± 10.41 53.19 ± 12.50 53.21 ± 19.46 64.05 ± 13.72 63.34 ± 8.63 37.56 ± 8.96 67.78 ± 12.82
Adult Winged 59.12 ± 12.44 62.99 ± 9.68 35.94 ± 10.95 18.91 ± 7.12 37.40 ± 10.29 39.15 ± 7.18 29.61 ± 8.95 33.40 ± 7.78
Ant 4.04 ± 0.81 12.19 ± 2.60 11.50 ± 5.19 25.14 ± 18.04 21.67 ± 7.24 17.53 ± 4.08 4.57 ± 0.74 23.71 ± 8.78
Non-winged Non-Ant 6.33 ± 1.94 9.27 ± 3.26 5.75 ± 2.52 9.17 ± 3.72 4.98 ± 3.73 6.66 ± 1.55 3.38 ± 0.59 10.67 ± 4.92
Abundance
Total Invertebrate 243.17 ± 12.39 292.77 ± 15.87 265.54 ± 31.05 191.84 ± 23.00 389.38 ± 29.88 417.94 ± 45.45 175.41 ± 9.42 200.77 ± 20.88
Adult Winged 175.45 ± 9.46 156.81 ± 10.15 237.54 ± 29.40 118.18 ± 17.06 330.16 ± 29.20 249.98 ± 22.60 108.36 ± 7.70 97.74 ± 5.14
Diptera 117.04 ± 8.61 103.19 ± 6.34 168.68 ± 24.08 97.32 ± 15.94 210.62 ± 25.58 152.22 ± 12.39 81.83 ± 7.10 67.02 ± 4.00
Hymenoptera 10.45 ± 1.35 10.96 ± 1.17 15.99 ± 2.58 6.89 ± 1.49 13.08 ± 2.83 43.24 ± 10.78 5.39 ± 0.71 7.49 ± 0.99
Odonata 0.36 ± 0.25 0.39 ± 0.29 1.23 ± 0.92 0.00 ± 0.00 0.64 ± 0.64 0.37 ± 0.37 0.43 ± 0.31 0.76 ± 0.41
Trichoptera 5.54 ± 1.09 10.46 ± 1.62 3.60 ± 1.15 1.13 ± 0.53 7.39 ± 1.49 4.70 ± 0.93 3.81 ± 0.68 5.58 ± 0.98
Hemiptera 13.55 ± 2.02 6.60 ± 0.89 19.51 ± 6.92 3.76 ± 0.95 35.71 ± 3.67 11.04 ± 1.81 6.22 ± 0.90 8.20 ± 2.06
Coleoptera 4.91 ± 0.92 3.97 ± 0.85 3.20 ± 0.99 4.30 ± 0.83 5.83 ± 1.38 13.06 ± 2.28 4.52 ± 1.00 2.99 ± 0.56
Lepidoptera 0.53 ± 0.30 0.61 ± 0.32 0.00 ± 0.00 0.00 ± 0.00 0.21 ± 0.21 0.21 ± 0.21 0.32 ± 0.17 0.00 ± 0.00
Thysanoptera 9.78 ± 1.80 15.00 ± 4.68 24.61 ± 6.15 3.30 ± 1.23 51.43 ± 9.93 19.97 ± 3.52 3.73 ± 1.07 3.38 ± 0.62
Ephemeroptera 11.21 ± 1.93 4.34 ± 0.84 0.46 ± 0.46 0.61 ± 0.61 3.82 ± 1.71 2.85 ± 0.80 1.39 ± 0.43 2.07 ± 0.55
Ant 27.01 ± 2.82 85.28 ± 9.90 11.98 ± 2.68 36.72 ± 5.86 25.39 ± 3.46 37.50 ± 4.36 20.77 ± 2.65 67.46 ± 18.24
Wingless Ant 15.39 ± 2.22 27.35 ± 3.29 8.36 ± 2.20 24.27 ± 4.21 12.63 ± 1.75 15.79 ± 2.37 15.21 ± 2.56 34.89 ± 16.80
Non-Winged Non-Ant 40.71 ± 4.36 50.69 ± 6.16 16.02 ± 2.68 36.94 ± 5.58 33.83 ± 4.59 130.46 ± 35.64 46.28 ± 3.46 35.57 ± 3.35
Larvae 12.30 ± 2.21 32.13 ± 5.51 10.01 ± 2.56 33.57 ± 5.40 17.18 ± 2.85 80.45 ± 35.21 35.95 ± 3.02 24.76 ± 2.84
Arachnid 9.81 ± 1.42 3.45 ± 0.70 3.92 ± 1.04 2.48 ± 0.94 2.31 ± 0.92 13.32 ± 2.20 3.73 ± 0.61 3.44 ± 0.65
Dipteran Larvae 8.70 ± 1.86 27.44 ± 5.34 8.58 ± 2.36 26.67 ± 4.75 11.17 ± 2.77 22.93 ± 5.07 33.00 ± 2.86 18.98 ± 2.68
Colembola 17.82 ± 2.74 13.65 ± 1.63 1.56 ± 1.02 0.58 ± 0.40 13.94 ± 3.25 39.38 ± 5.12 6.11 ± 1.28 3.10 ± 0.69
Dry Season
TapanaTaylor OpenTaylor ClosedMiguel
Dry Season Wet Season Dry Season Wet Season Dry Season Wet Season
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Appendix 2. Mean and standard error for benthic aquatic invertebrate biomass (mg 
m
-2
) and abundance (# m
-2
) in the Miguel and Tapana stream pool and riffle 
habitats.  
 
Tapana
Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean ± Mean ± SE
Biomass
Total 186.03 ± 47.10 72.36 ± 29.05 474.28 ± 268.08 116.86 ± 32.30 158.55 ± 57.63 159.67 ± 88.07 710.02 ± 159.36 169.70 ± 89.75
Abundance
Total 2335.94 ± 381.11 1132.81 ± 313.12 3109.38 ± 914.87 1351.56 ± 217.02 2148.44 ± 684.46 1046.88 ± 347.17 4023.44 ± 510.21 1500.00 ± 359.26
Tubificidae 15.63 ± 15.63 7.81 ± 7.81 0.00 ± 0.00 7.81 ± 7.81 54.69 ± 32.21 171.88 ± 142.35 7.81 ± 7.81 0.00 ± 0.00
Snail 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 23.44 ± 14.96 15.63 ± 15.63 0.00 ± 0.00 46.88 ± 29.92 85.94 ± 26.68
Hydrachnidae 62.50 ± 44.19 23.44 ± 7.81 23.44 ± 14.96 39.06 ± 14.96 46.88 ± 15.63 125.00 ± 25.52 109.38 ± 29.92 132.81 ± 54.69
Ephemeroptera 1617.19 ± 302.00 750.00 ± 240.37 1210.94 ± 348.07 320.31 ± 88.73 1351.56 ± 761.99 765.63 ± 325.39 1679.69 ± 332.28 257.81 ± 115.79
Baetidae 1148.44 ± 290.47 273.44 ± 125.89 351.56 ± 96.64 46.88 ± 9.02 1023.44 ± 609.09 250.00 ± 158.83 937.50 ± 377.38 15.63 ± 15.63
Ephemerellidae 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 85.94 ± 85.94 0.00 ± 0.00 23.44 ± 23.44
Tricorythidae 218.75 ± 55.61 304.69 ± 32.21 531.25 ± 184.88 187.50 ± 73.29 39.06 ± 23.44 171.88 ± 45.11 281.25 ± 200.50 70.31 ± 41.09
Euthypleceidae 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 7.81 ± 7.81 62.50 ± 25.52 70.31 ± 70.31 179.69 ± 48.37 39.06 ± 23.44
Caenidae 101.56 ± 51.63 46.88 ± 37.19 7.81 ± 7.81 0.00 ± 0.00 101.56 ± 82.06 125.00 ± 44.19 0.00 ± 0.00 0.00 ± 0.00
Leptophlebeidae 148.44 ± 72.59 117.19 ± 51.63 320.31 ± 140.55 78.13 ± 15.63 117.19 ± 44.88 62.50 ± 28.53 281.25 ± 125.65 109.38 ± 89.76
Ephemeroptera pupae 0.00 ± 0.00 7.81 ± 7.81 0.00 ± 0.00 0.00 ± 0.00 7.81 ± 7.81 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
Odonata 62.50 ± 12.76 85.94 ± 48.37 187.50 ± 66.29 281.25 ± 33.75 31.25 ± 18.04 7.81 ± 7.81 226.56 ± 43.03 164.06 ± 50.02
Coenagrionidae 46.88 ± 15.63 62.50 ± 42.31 179.69 ± 64.27 273.44 ± 26.68 23.44 ± 14.96 7.81 ± 7.81 187.50 ± 28.53 117.19 ± 44.88
Calopterygidae 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 15.63 ± 15.63
Corduliidae 15.63 ± 9.02 23.44 ± 14.96 7.81 ± 7.81 7.81 ± 7.81 7.81 ± 7.81 0.00 ± 0.00 39.06 ± 14.96 31.25 ± 22.10
Plecoptera 31.25 ± 18.04 0.00 ± 0.00 85.94 ± 75.88 39.06 ± 23.44 23.44 ± 14.96 0.00 ± 0.00 15.63 ± 15.63 23.44 ± 14.96
Perlidae 31.25 ± 18.04 0.00 ± 0.00 85.94 ± 75.88 39.06 ± 23.44 23.44 ± 14.96 0.00 ± 0.00 15.63 ± 15.63 23.44 ± 14.96
Hemiptera 7.81 ± 7.81 0.00 ± 0.00 7.81 ± 7.81 7.81 ± 7.81 31.25 ± 31.25 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
Veliidae 7.81 ± 7.81 0.00 ± 0.00 7.81 ± 7.81 7.81 ± 7.81 15.63 ± 15.63 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
Gerridae 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 15.63 ± 15.63 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
Trichoptera 273.44 ± 146.23 195.31 ± 86.88 1281.25 ± 471.00 484.38 ± 122.70 234.38 ± 155.99 78.13 ± 15.63 1265.63 ± 117.97 476.56 ± 152.76
Polycentropodidae 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 15.63 ± 9.02 39.06 ± 14.96 7.81 ± 7.81
Hydropsychidae 62.50 ± 38.27 15.63 ± 9.02 562.50 ± 300.55 109.38 ± 41.34 23.44 ± 14.96 23.44 ± 7.81 523.44 ± 46.66 54.69 ± 36.92
Glossosomatidae 0.00 ± 0.00 0.00 ± 0.00 7.81 ± 7.81 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 164.06 ± 89.65 7.81 ± 7.81
Philoptomidae 54.69 ± 19.66 70.31 ± 44.88 250.00 ± 141.49 218.75 ± 87.46 78.13 ± 46.88 31.25 ± 18.04 70.31 ± 70.31 171.88 ± 70.46
Hydroptilidae 148.44 ± 110.76 85.94 ± 36.92 406.25 ± 96.32 132.81 ± 62.99 117.19 ± 86.88 7.81 ± 7.81 414.06 ± 109.28 234.38 ± 70.46
Trichoptera pupae 7.81 ± 7.81 23.44 ± 23.44 54.69 ± 44.88 23.44 ± 14.96 15.63 ± 15.63 0.00 ± 0.00 39.06 ± 29.58 0.00 ± 0.00
Unknown Trichoptera 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 15.63 ± 15.63 0.00 ± 0.00
Coleoptera 343.75 ± 138.00 101.56 ± 29.58 320.31 ± 113.66 218.75 ± 87.46 476.56 ± 173.23 195.31 ± 41.09 835.94 ± 112.94 578.13 ± 175.16
Psephenidae 132.81 ± 43.03 62.50 ± 33.75 226.56 ± 83.05 171.88 ± 74.93 62.50 ± 33.75 39.06 ± 23.44 265.63 ± 105.59 226.56 ± 122.62
Elmidae 210.94 ± 113.66 39.06 ± 7.81 93.75 ± 38.27 46.88 ± 20.17 414.06 ± 199.44 156.25 ± 58.46 570.31 ± 74.80 351.56 ± 58.98
Diptera 5335.94 ± 1217.97 562.50 ± 89.30 1265.63 ± 431.79 539.06 ± 160.05 3703.13 ± 1180.52 1609.38 ± 456.88 1164.06 ± 248.49 882.81 ± 329.33
Ceratopogonidae 140.63 ± 57.76 0.00 ± 0.00 31.25 ± 12.76 7.81 ± 7.81 390.63 ± 128.53 281.25 ± 139.17 132.81 ± 69.15 93.75 ± 18.04
Chironomidae 4656.25 ± 1352.86 468.75 ± 85.58 976.56 ± 356.62 414.06 ± 127.18 3046.88 ± 1125.98 1218.75 ± 409.64 882.81 ± 248.49 703.13 ± 352.05
Psychodidae 7.81 ± 7.81 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
Simulidae 0.00 ± 0.00 0.00 ± 0.00 7.81 ± 7.81 0.00 ± 0.00 15.63 ± 15.63 0.00 ± 0.00 15.63 ± 15.63 0.00 ± 0.00
Stratiomyeidae 0.00 ± 0.00 7.81 ± 7.81 0.00 ± 0.00 0.00 ± 0.00 15.63 ± 15.63 15.63 ± 15.63 7.81 ± 7.81 0.00 ± 0.00
Tipulidae 78.13 ± 15.63 23.44 ± 14.96 85.94 ± 39.06 15.63 ± 9.02 46.88 ± 46.88 31.25 ± 12.76 39.06 ± 19.66 39.06 ± 19.66
Athericidae 257.81 ± 89.65 7.81 ± 7.81 93.75 ± 22.10 31.25 ± 22.10 117.19 ± 60.35 23.44 ± 14.96 15.63 ± 15.63 0.00 ± 0.00
Diptera pupa 195.31 ± 70.31 54.69 ± 36.92 70.31 ± 41.09 70.31 ± 14.96 70.31 ± 41.09 39.06 ± 29.58 62.50 ± 44.19 46.88 ± 27.06
Unknown Diptera 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 7.81 ± 7.81 0.00 ± 0.00
Megaloptera 0.00 ± 0.00 0.00 ± 0.00 15.63 ± 15.63 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
Conchostraca 7.81 ± 7.81 15.63 ± 15.63 23.44 ± 23.44 7.81 ± 7.81 23.44 ± 23.44 54.69 ± 19.66 0.00 ± 0.00 62.50 ± 44.19
Amphipoda 0.00 ± 0.00 7.81 ± 7.81 0.00 ± 0.00 0.00 ± 0.00 23.44 ± 23.44 93.75 ± 74.39 0.00 ± 0.00 0.00 ± 0.00
Riffle 
Dry Wet
Pool
Dry WetWetDry
Riffle Pool
Dry Wet
Miguel
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Appendix 3. Means and SE of invertebrate biomass (mg m
-3
 hr
-1
) and abundance (# 
m
-3
 hr
-1
) comprising drift in each the Miguel, Tapana and Taylor streams. 
 
Mean SE Mean SE Mean SE
Biomass
Total 0.36 ± 0.05 0.41 ± 0.11 0.06 ± 0.02
% Terrestrial 45.67 ± 5.81 41.44 ± 11.51 19.22 ± 1.97
% Aquatic 0.54 ± 0.06 0.59 ± 0.12 0.81 ± 0.02
% Ant 18.93 ± 5.16 6.32 ± 1.04 2.47 ± 0.43
Terrestrial 0.17 ± 0.04 0.16 ± 0.04 0.01 ± 0.00
Aquatic 0.19 ± 0.01 0.25 ± 0.09 0.05 ± 0.02
Ant 0.07 ± 0.03 0.03 ± 0.01 0.00 ± 0.00
Winged Terrestrial 0.08 ± 0.02 0.10 ± 0.03 0.01 ± 0.00
Non-Winged Non-Ant 0.01 ± 0.00 0.04 ± 0.01 0.00 ± 0.00
Abundance
Total 8.35 ± 0.84 7.29 ± 2.35 2.48 ± 0.66
% Terrestrial 36.72 ± 5.00 28.05 ± 5.86 14.97 ± 3.35
% Aquatic 0.63 ± 0.05 0.72 ± 0.06 0.85 ± 0.03
% Ant 17.63 ± 4.11 8.96 ± 2.28 1.68 ± 0.31
Terrestrial 3.14 ± 0.66 1.91 ± 0.67 0.41 ± 0.17
Aquatic 5.20 ± 0.41 5.38 ± 1.74 2.08 ± 0.53
Ephemeroptera Larval 1.40 ± 0.14 2.00 ± 0.56 0.84 ± 0.22
Odonata Larval 0.36 ± 0.08 0.24 ± 0.14 0.25 ± 0.08
Plecoptera Larval 0.03 ± 0.01 0.10 ± 0.08 0.01 ± 0.01
Hemiptera Larval 0.09 ± 0.02 0.04 ± 0.02 0.05 ± 0.02
Trichoptera Larval 1.39 ± 0.33 1.45 ± 0.91 0.12 ± 0.02
Lepidoptera Larval 0.05 ± 0.03 0.02 ± 0.01 0.01 ± 0.01
Coleoptera Larval 0.17 ± 0.06 0.58 ± 0.31 0.04 ± 0.02
Diptera Larval 1.66 ± 0.36 0.92 ± 0.34 0.74 ± 0.26
Ant 1.56 ± 0.49 0.64 ± 0.27 0.05 ± 0.02
Winged Terrestrial 0.79 ± 0.15 0.50 ± 0.04 0.28 ± 0.14
Non-Winged Non-Ant 0.79 ± 0.29 0.76 ± 0.37 0.08 ± 0.02
Terrestrial Larval 0.14 ± 0.06 0.10 ± 0.05 0.01 ± 0.00
Arachnida 0.49 ± 0.20 0.45 ± 0.29 0.03 ± 0.00
Miguel Tapana Taylor
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Appendix 4. Average lengths and widths of Rivulus hartii used for gut diet analysis. 
 
Stream SeasonMean Length (cm) SE Mean Biomass (g) SE
Dry 5.56 ± 0.31 2.27 ± 0.43
Wet 5.56 ± 0.32 2.26 ± 0.40
Dry 5.59 ± 0.32 2.28 ± 0.45
Wet 5.73 ± 0.33 2.43 ± 0.45
Miguel
Tapana
 
 
